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The majority of the principle# expounded herein have been 
the natural result of mur.oroua conferences with people engaged in Pro- 
duction Control today integrated with the concepts of production con- 
trol at taught in current academic courses* It is indeed proper that 
thi# acknowledgement be «ade to give ci-edit, where appropriate, for 
the data obtained* 
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tremely helpful cooperation greatly sided the investigation, the 
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Cwen of the Industrial engineering Department, Purdue University, for 
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AB3T {..Or 

This study was undertaken in order thel an ©valuation could 
be made of the product ion control procedure employed by the jfnval Ord- 
nrj-ioe Plant, Indianspoll n, lad Ian a. The criteria upon which the evalua- 
tion was based inaluded various basic prlceiplos cf production control 
that are expounded by several authors of current production control 
literature, and which are taught In current academic courses. 

The majority of the Material upon which the Investigation Is 
based was obtained at the Naval trdnnnoe flont, Indianapolis, Indians, 
Conferences were used as a mans of gathering the information necessary 
from each responsible individual of the Production Control Jlviaion. 

Those conferences as well as the observation of the d»y to day eocoa- 
pliehaeut of the production control functions resulted in a thorough 
cove age of the units and their responsibilities In t^e production con- 
trol procedure as it is practiced nt the plant, The Information gathered 
and the procedures observed were then compared with the criteria cf gen- 
erally aooepted production control procedures. 

The results of this ©valuation are most ratifying. In terns 
of the criteria used, the Usvol Ordnance Plant, Indianapolis, Indiana, 
has a progre salve production control procedure that has been planned and 
executed by very capable and farsighted individuals who have recognized 
the potentialities of e flexible procedure of production control. Con- 
sidering the needs of the pitot, it can be concluded that no major modi- 
fications to the present system sre needed end that only s very fen 
miner techniques could be Improved. 
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The field of production control has felt the impact of the de~ 
ima. a pieced on it by e Second Sforld War end the changes wrought by the 
postwar era of shortages of material, disparity of price rises, diffi- 
culty of sales forecast, and other extreme uncertainties. Ko system or 
procedure could recacin static under the ever-chenging demands of the In- 
dustrial world as portrayed by the examples above. Upheavals In the so- 
cial, ec'^noiftical, and political aspoct of our American way of life also 
hare had their pai't in molding changes in the concept of production con- 
trol. Thle study was undertaken to evaluate the application of the ba- 
sic principles of pxoduotlon control at the .devel Crdnance Plant, 
Indianapolis, Indiana , hereinafter referred to es KCfl, and whet devia- 
tions from or modifications of these basic principles have resulted from 
the conditions evolving because of the particularly specialized work 
accomplished by KCPI. 

So re. dona previously which is related to this problem includes 
e thesis by Lieutenant Colonel Robert a. Break®, C a, **An Appraisal of 
the Production Control Methods Used in Govonraant Arsenals,” June 1947. 
This thesis dealt with the production control methods applicable to the 
problems of chemical manufacture. 

The majority of the information upon which this study is based 
was obtained at Ku'l. Conferences with unit personnel In the iroduetion 
Control Division were used to accuswlate sufficient information about 
the funcis iona of the individual unit to describe in general Its res pen- 
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siblllties and place in the organizational structure of the division. 
Using this Information «a a basis for investigatin',, th la study was com- 
piled by considering the functions of production control aa practiced 
at hCFI in comparison to the criteria of generally accepted production 
control procedure*. 

The interpretations of the definition of production control 
as expressed by many authors in current literature have an extrenely 
broad scope, For the purpose of thin study, production control will be 
defined as the mental and physical knee-how applied in such a manner 
that the right quantity and quality of a product will be produced rat the 
right time by the best end cheapest methods. Although there is n wide 
diversity of opinion in the literature on production control as to the 
functions which should be Included in a production control procedure, 
the functions listed below ere a few of those appearing In the texts of 
the Bibliography, awl they will be considered ea a critarl* for this 
study. 

1. The preparation and lB3Uing of production orders and forma 

2. Purchase requisitioning cf raw materials and special items 

3. Preparation of rou to sheets 

4. Work scheduling 

5. Plant loading 

6. «ork dispatching 

?. Oetemlnaticn of tho labor requirement a 

6. Maintenance of production records 

9. Expediting of manufactured and purchased Items 
10. Analysis of idle machine time 
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2hE h VaL 0«d* lAIi H. - r T, ItfDl'-'.AHIi , E ,1 fU 

The History, Organ lzstlon, and Physical Properties of the 
U. S. ft aval Ordnnnoo Plant, Indianapolis, Indiana 

Thi» plant was designed, constructed, end staffed by a civilian 
engineering company during World War II for the purpose of -anufoctur- 
ing the Norden bonbslghfc end related equipamt, end aircraft lead-coapwtin.. 
gunsight systems; some sixty thousand fire control instruments were manu- 
factured during World ar II. 

Late Ln 1915, the plant was taken over by the i.Mvy, It is now 
being run under the cognizanoe of the Bureau of ordnance. Navy Department. 
As n Naval Shore Establishment, the plant bes the following functions; 

(1) research in, and engineering development of, aviation 
fire control equipment; 

(2) the manufacture of that equipment; 

(3) the manufacture of line maintenance etores; 

(4) the overhaul, modification, end modernization of fire 
control instruments, including radar attachments and 
their accessories. 

The present staff of the plant consists of the original employees 
who were inducted into the Civil Sorvlce system at the tine of conversion 
to naval control. Assigned to the plant are 11 naval officers uni 5 on- 
listed aien, and 1 Earlno officer and 40 enlisted men. These officers and 
men serve ln the following capacities at the plant: Aa Commanding Offi- 
cer and Executive Officer, and in the Budget Office, the ecurity Divi- 
sion, the Jafaty Office, the Cocaun iuat ions Office, the *upply and fis- 
cal Department, and the Medical Department. 
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Organized under the direction of the Joer.iuiding Officer with 
the assistance of the Executive Officer* the plant has nine deportments* 
Those departments are divided into divisions cc -.posed of sections* which 
are in turn subdivided into units* A structural organization chart of 
the plant at the divisional level appears In Figure 1* 

Located in northeastern Indianapolis. Indians, the plant oc- 
cupies some one-hundred- sixty acres of land • Its main structure, the 
manufacturing building* is nine-hundred- twenty feet long and five- 
hundred-sixty feet wide, covering eleven nnd s half acres of floor space. 
The plant facilities ere of the moot modern type, including an air- 
conditioning, system affording constant temperature a:A controlled hu- 
midity, with six complete changes of inside air o la a red through an elec- 
trostatic filter in one hour* Heat is supplied by two oil-burning steam 
boilers* The lighting system employs both direct and indirect facili- 
ties, end maintains a one-hundred foot candle Intensity at the work sta- 
tions* These modern facilities afford to the plant’s staff the maximum 
in comfort and ideal working condition!}. 
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The Kature of th© * robust 

The pro&uot of the plant is aviation fire c. ntrol syBtems, 
engineered and manufactured to meet service perfor. nca requirements 
and specifications. The mathematical expressions for th© solution of 
various fire control situations are mechanized to a fin© degree of ac- 
curacy, Mechanical end electronic methods translate tho theoretical 
principles into useable cystoma, 

A component unit of e fire control system is, in reality, a 
precision instrument. The exactness in the manufacture of a unit's 
individual parts Is comparable to that employed by tbs meet skilled 
toolmakers in industry, 

Tbero is e great variety of products a;«»n,* tha aviation fire 
control systems. Thus, the system which ie installed in a fighter to 
control the fire of ita guns is vastly different from that installed in 
a high-altitude bomber to control the dropping of its bombs, Th© addi- 
tion of oontrols for torpedoes, rockets, and air-launched guided mis- 
siles further increases the dissimilarity between the fire control 
systems. 

Tho product of the plant is, therefore, precision Instruments 
possessing little uniformity among themselves. 
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The Problem of reduction Control 



Tfco plant is engaged in n combination t th® job shop and in- 
termittent types of manufacture. This type of a»nufae4ure i* charac- 
terized by the production of special orders and of a greet variety of 
products in limited Quantities. In a year’s time, the • loot may receive 
three-hundred special orders which will require the roiuctioa of cne- 
hundred-thoueand different Items in average quantities of twenty-five 
units per Item. 

Come of the factors which necessitate a o-r.plex production 
control system cro: 

1. Fuaber of ultimate parts in the product. 

2. Ktciber of different operation* cn each pert. 

3. Extent to whloh processes are dependant, i.e. , those 
which cannot be performed until previous operations 
have been completed. 

4. Verio tlon in capacity of machines for different dos- 
ses of work. In many Industries speed of machines 
varies according to the nature of the material being 
worked cn. 

3. .degree to yfcich nubassaably exists. 

6. Degree to which customers’ orders with specific de- 
livery dates occur. 

7. Receipt of orders for many small lots. 

The fact that the product, aviation fire control equipment, 
is comprised of precision instruments having large variety among them- 
selves accentuates the factors listed above. 

fhe machine tools In the plant are of the general purpose 
typo. Cn the whole, there Is a surplus of machine tcols. fhe special 
nature and complexity of the finished product necessitates the design- 
ing of special testing equipment. Komally, av liable eo" erclsl test 
equipment is modified to meet the plant’s special ne da. In some cases, 



Alford, L. P. , Bangs, John R., Production Handbook , Ihe Ronald Press 

Company, Kew York, . Y. , 1944, pp. 73. 
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however* teat equipment mu at be designed frsst b*sie fundus -t. Lois. 

The employees In the Machining and Assembly divisions are 
skilled craftsmen. Each machinist la capablo of operating several types 
of machine tools. The Aasenbly Division employees ore, in many cases, 
qualified machine operators* ansi the machinists, in turn, ore capable of 
doing assembly work. Thus, when the plant lo overloaded with machine 
tool work, the Assembly Division employees sen be transferred to the 
Machining Division. The control of such inter-divlslon personnel is a 
function of the I'roduction Control Division. 

To suiaaarlze, the nature of the product, the special equipment 
required In its nenuftoture, and the skilled staff of the plsut present 
complex problems which must be solved by the production Control Division. 
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The Production Control Division 



The Organl ration of the Production Gcntro! Dlvl*lor. . 

The Production Control I/lvialou, one of six divisions ooap ris- 
ing the Industrial Department, consists of three fothens, the risnnlag. 
Methods, and Irogreas sections* Eeoh of these Is divided Into various 
units. The organization chart of the Industrial Department, Including 
the unit breakdown, appears in Figure 2. 

The Responsibilities of the Production Control Division . 

The Production Control Division plane end directs the schedul- 
ing or production activities; provides ns te rials, tools, and specific 
manufacturing instructions for the operating shops; maintains daily floor 
checks to eliminate delays end work stoppages; moves stores and disposes 
of ell manufactured items; is the s ,uroe of all dal- on production per- 
formance, current and anticipated plant productive l«ad, estimated pro- 
ductive end non-productive expenditures, current hu ,.efc status of pro- 
ductive projocts and the Industrial Department** rae lntenence allocations; 
acts in an advisory capacity in the nwtter of employ • >t level and con- 
fer# with the Engineering Department in the matter of product design for 
economical manufacture. 

The responsibilities of the sections of the iroduotion Control 
Division are ns follows: 

The • lenr.ln< action io charged vsitf the responsibility cf 
both long range and specific project planning and scheduling; the order- 
ing of raw materials and purchased parts; the Issuance cf shop order 
kits; the preparation of charts * nd graphs lndlcatl. production per- 
formance trends, and other statistical production data; the coup 11*. tiem 
and reporting of production costs t^ provide comparison between the 
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original estimate and the actual expenditure; end IL. control of project 
expenditures* 

The Method© ection Is responsible for eo«t estimation fer t:.e 
proposed production work; the preparation of detailed process routing 
sheets (operation sheets) for component parts, sub-aase hlies, finished 
units, end the necessary time to perform such operations; the ordering 
of ell special tools and gages; the designinr end ordeiing of special 
test equipment; conferring with the Engineering Department regarding 
changes of design which will facilitate production end lo*er costa; the 
receipt, recording, end distribution of engineering !nfor*»etijn to the 
Industrial Department; the advising of the Plant Layout Division regard- 
ing the placement of machine tool equipment; end the reoesuaendatien cf 
procurement of specialized machine tool equipment end accessories* 

The Progress Section is charged with the responsibility of dis- 
tributing the shop order kite; insuring tho completion of scheduled work 
on time; expediting the procurement of raw materials, tools, gage s, and 
purchased parts; conferring with the various depart, -ante regarding solu- 
tions of production "bottlenecks;** reporting wsakly the production sta- 
tue of projects; and tho inter-divisional handling of materials* 
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The Handling of s Proposal 

Tli a Bureau of Ordnance, before allocating fond# cr authoriz- 
ing e plant to begin work on a project, requirae each plant interested 
in bidding on the work to submit an estimate or proposal as to the ex- 
pected delivery date of the first completed Item and the approximate 
cost o? the project. Generally in letter foia, the Bureau’# request for 
this estimate is accompanied by rough prints end parts lists pertaining 
to the product, or by e word description of the product. 

This letter is received end processed by the Budget Cffice of 
the pleat administration. The Tim po sal or Cost estimation sad Schedul- 
ing Fora (Blue), Figure 3, is originated in that office end accompanies 
the prints to the Engineering Department, where they ere examined for 
the purpose of estimating an engineering raise so date. This date is 
then entered on tha proposal, 

From the Engineering Department the proposal end attachments 
then go to the Dost -st L-iatlng Unit of the Production Control Department, 
where all the remaining estimates, with the exception of the delivery 
schedule, ere made, The Cost Estimating Unit fills in the cost estimate 
columns of the proposal in terms of dollars only. The method used to 
arrive at these estimates will be dcsoribod later in a section cn this 
unit, 

£hen the above cost estimation is complete, the proposal is 
then returned to the Project Scheduling Unit, where an estimate is made 
as to where in the work load the project can be placed, when delivery 
on the finished products can be expected, and in what quantity they can 
be completed during each period until the project’s termination. 

The proposal and its accompanying papers are then returned to 
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the Budget Office for find review, issuance, and submission to the ap- 
plicable activity. 

These estimations and info mat icn ere presented in general for® 
and are regarded as e tentative commitment by the plant. They serve as a 
broad basis for planning by the Bureau of Ordnance, for cost estimation 
and approximate delivery schedules. 
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The Handling of s Firm estimate 
mien tho Bureau of Ordnance has decided to authorize the plant 
to begin work on a project and has allocated the necessary funds, this 
authority and allocation come to the plant in the form of a project or- 
der nuaber and on allotment number. These are received by tho Budget Of- 
fice end ere processed in the same wanner as was the information pertain- 
ing tc a proposal. 

The Firm Estimate or the Cost Estimation and Scheduling ?om 
luhite), Figure 4, ia originated by the Budget Office and differs from 
the proposal only in color and the amount of information thereon. This 
fora and current pertinent information, which my Include acre detailed 
prints and/cr parts lists, ore forwarded to the tnglneering Department, 

The Engineering Department prooosds as expeditiously as possible with 
the work of originating production snginoerini releases without awaiting 
a formal Job order. This precludes delay of the engineering release be- 
oauss of delay in issuing a job order. If the fira estimates ere accom- 
panied by a work description only, the Sngineerlm Department develops 
the prints and parts Hats. A revised engineering release date is made 
In greater detail than In the case of the proposal. 

The originated or revised prints and parts lists are sent to 
the Methods Records Unit, who transmits a copy to the Materiel Control 
Unit. The Material Control Unit usee tho information from the parts 
lists to determine whether the parte can be obtained from the Supply 
system or whether they will have to be procured in another Banner. 

This information, together with the fira estimate, is then 
passed to the Coat Estimating Unit. Using the info rant ion furnished by 
Budget, Engineering, m& Supply, end their own internal work forms, the 
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COST ESTIMATION ANG CH^DULlNG FORM 




Fig. 4 Cost Kstiaation «nd Seiiedulin^ Fora 
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Cost estimating Unit rnlces an accurate estimate of the costs that will 
bo incurred in the process of manufacturing a complete project. This 
estimate is made ns a result of more meticulous investigation than was 
afforded the proposal. 

The Firm Estimate is then returned to the Frojaet Scheduling 
Unit for processing similar, with a few exception, to that given the pro- 
posal. At well «s estimating the delivery schedule, this unit breaks 
down each cost figure into mon-hours and load* the firm order by months. 
Consideration Is given to the total available man-hour capacity of the 
plant and to the already existing load when the loading of » new project 
is undertaken. 

The completed Firm Estimate ie then returned to the Budget Of- 
fice for final review, issuance, and sutnioslon to the applicable activity. 

As was noted in this dlaousalon, the estimates and information 
presented are the result of extended investigation and aro considered a 
definite commitment by the plant, since they ere specific information per- 
taining to the Bureau* a planning regarding costa and acheduled delivery 
detea. 

The fix* Cost Estimation and Scheduling Form for a project 
actuates the flow of work in the Production Control division. There is 
a grant exchange of information between Unite which, if included in a 
general flow diagram, would become confusing, defeatin' the diagram's 
general purpose of giving an over-ell picturo of the work flow In the 
Production Control Division. Coly the general pattern of the work flow 
Is indicated and only the more important forms mentioned in the descrip- 
tion of the functions of the verioue Units. The following diagram shows 
the general flow of work between the Units of the Production Control 
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General -ork Flow Hi serais 
Production Control Division 



Engineering Division 



Kathode ?<eooi\ls l»nit 



* jlrojoct bohedullnR Unit 




Cost Control 
Unit 
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.t reduction Eteros 



The functions of the various Units #r® described la the follow- 



ing pages* 
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The Project Scheduling Unit 



The Project .Scheduling Unit plans the ovor-ell plant schedule, 
Issues the internal scheduling for the Production Uivielons, and ecr piles 
certain important production statistics which aid in formulating tha 
plant's labor requirements ■ 

The following forms are originated In the Project Scheduling 
Unit i The Internal Schedule fora, eh own in Figure 5, indicates the re- 
quired completion dates of a project. The information contained in this 
fora Is taken from the Cost Patimat ion and Scheduling Form, and is dis- 
tributed throughout the plant, Bach division advises the Unit as it 
completes its portion of the project, thus furnishing the Unit with an 
aeeurat# record of the status of each project. 

The Forecast of Productive labor, Figure 6, is a chart which 
displays the over-all plant production forecast in terse of man-hours, 
projected eighteen months ahead. The data is divided into program num- 
bers, and represents the load on the various departments. Tbs main 
function of this chart is to detsrnins the amount of new work which can 
be undertaken by the plant in the near future. The chart Is sent to 
the Bureau of Ordnance via the plant administration. 

The Load and Performance Chart, Shown in Figure ?, represents 
ths efficiency of ths shop relative to the time estimates of the Cost 
Estimating Unit# This chart serves as an efficiency standard for the 
shop, showing tee amount of work completed by the shop against the 
amount of work released to the shop by the Production Control Pivlsion. 
Sources of ths chart's information are the Weekly Koch ins Load Report 
and the Fiscal Labor Report, 

The Monthly Man Load Summary is in the fon» of a latter stating 
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1) If fer any reason your portien ef the above 
schedule cannot be net, please notify the 
undersigned inrae-d lately, 

[ 2 ) When your portion of the above schedule is 
completed, please date, initial and return 
this form to the undersigned. 



C. 0. MeGaughey 
Project Scheauling Unit 
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the ttao-iioura of Hachlcery, osseably, and tool Jr.-, e-.^letod in a sionth. 
Be sod on the brae*. at of iroductlve labor, this m^ -ry recon -ends 
transfer# of labor between divisions and the adjustment of the labor 
force to meet the production requirements of the i* edlate future. It 
also contains a brief account of the status of ell project#, a report 
on the important occurrences in and outside of the plant durin, the past 
month (such »• a national coal strike), and the * r effect on the pro raws 
of the plant's various projects, This suwaery la used for aduinistra- 
tlve guidance. 

The floe of infcraotlon Into the Cnit, the forms originated 
therein, and their destination are shown in the diagram below. 
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The Method* Records Unit 



The listhoda Records Unit is responsible fbr receipt, stowage 
and distribution of Engineering data and for keeping the many files up 
to date. These files contain * variety of iteas, such as job orders, 
blueprints, parts lists, production breakdown sheets, sad sany others. 
One of the other responsibilities of the Unit is to act as a collecting 
agency in Baking up the "folder a" that are originated to i*nlejnent the 
production of a new part. It is obvious that it la neoessary to have 
sows neans of keeping track cf Just how each job Is progressing pertain- 
ing to the necessary preparation of prints, routings, and »jch other 
work that mst be completed prior to release of the job order to the 
Shop Scheduling Unit. The Methods Records Unit aecoapdiCbes these 
functions. 

then a new pert appears on the Production Breakdown '‘heat, a 
folder containing the necessary information on the part is *»de up and 
sent to the Machine Tool Processing Unit where the Process Routing Sheet 
is nade up on veil ua paper. This aeooapanles the folder and is then 
sent to the Coot Fstimting Unit via the kathode Records Unit so that 
they ero able to tell at all time Just what progress is being node on 
the "folder • " The Cost gallanting Unit fills in the operator and set- 
up tires in the proper eoluans on the Process Routing Sheet, and the 
folder is then returned to the Methods Records Unit for reproduction 
and distribution of the Process Routing Sheet. The folder is kept in a 
current file as long as the part is being produced in the plant. 

I teas of different fora are received by the Unit, reproduced 
in the required number and distributed according to the needs. For In- 
stance, Parts Lists are reproduced and sent to the followings 
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1, Original to I’ll® 

2, Material Control 

3, Assembly 

4* Methods Process! Kg 

Blueprints are reproduced and asmt to the folio ;ings 

I* original to file 

2. Tool Design 

3. .'alveys 

4. Machine £hop 
5# Assembly 

Process Routing ..beets ere reproduced and sent to the following! 

1# Original yellua into file 
2. ash in e Shop 

3t Assembly 
4t Inspection 
5# 'fool Design 
6t Tool Room 
7t Scheduling 
8t 3alTag« 
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The Material Control Unit 



?h® Mat oriel Control Unit requisitions the raw materials and 
purchased parts required for the plant’s production. It is renpensibls 
for initiating the screening of the supply system for available mater- 
ial, and for determining the conpeaect parts und their quantity to be 
manufactured in the plant. 

In the Interest of an economical material coat, the Unit, as- 
slated by the -apply Department, investigates tho required raw materials 
and purchased parts to determine the caterialc available in the exten- 
sive supply system. For this purpose the Unit ori ins tea the Firm lie- 
quiramont and Obligation of Material Form, figure 8, hen the required 
material is available, the Unit requisitions it through tike Supply De- 
partment, the procuring acenoy for raw material* and purchased parte. 

Tbs Production Breakdown Jhest, Figure 9, is Issued by the 
Unit, fhis ahast contains information as to the quantity cf each ccj&* 
ponent part of a project, determined by the Unit fr the parts liet, 
prints, end en estimation of scrap and losses, 7h« Production Break- 
down ohset, the authorisation to manufacture s specific quantity of a 
coop on o.- 1 part, la wldoly distributed throughout tie Production Control 
Division. 

Also issued by the Unit is the Stub ftequisttion, Figure 10, 
for raw materiel* and purchased parts. It is the Unit’s request for 
ths .‘upply Department to procure the required raw material or purchased 
parts, either from the oupply system or from a come rc ial concern. 

The following diagram shows the flow of information into the 
Material Control Unit, the forms It originates, and the information 



which leaves the Unit, 



*#♦♦*'-* 



MB VI 

• . . < **** - - - . - * • - « ' 

*■ • , » (J • • 3 . • : .. . • ' • • '•* 

. . . . . . ..; - . ’ ' . . ■“ •• •’ • •♦•*•** 

- ... .< *.x •. • • '' •*•<*•+. • • 1 ** - 

^ ' • «• ’ . • »T.« 

. - I , , » ' - »• 

•* ..ilrfi.lr'* *1 

. • , Mi*4r<r • i ■ «« * 4 .+ • • ' • • •■' **•***■•* 

. • vfl M. <!••? • • • * • •* ’• ‘ " 

-. I im. * • ». I* . ■'■**** 

. ' ‘ . .. ■ -. l'.«- • • • * ** * **** 

»•*#' «MT* 

* :• • ■** A * 

, • .** »• . -» *• %*>< • * • * •*" 

•# •# | i - •■ (1 • -d • 4 ■ ■•tsK 

— • ■*•••■• •” *1 « * ’ '»J ^ 

4U0 mt* irTHA 



87 




Fig. 6 Firs fttqu 1 xtn m t rw! Obligation of Vctaxiel fbw# 
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Tho Much in « Tool Processing Unit 

The Lachine Tool Process lag Uait originates the operation 
sheet for each component part to be manufactured in the plant, and is* 
sues r*fu«',ta for the designing end building of the special tools, 

Jigs, fixtures, and page* required in the atnufholure cf these component 
parts. 

This isiit performs tho work aorsr.ll/ aaslgn .d in industry to 
the Production Planning Departaient. The Process touting (or operation) 
Sheet, Figure 11, is one of the nost important records kept by a manu- 
facturing company, representing the "knew-hew* in tho aunufacturo of 
component parts. It is foraulstod fi*oa the Parts List, Production 
Breakdown, end Internal Schedule receiTed by the Unit. 

'SJje Tool Design end &uild Order fora, Figure 12, is originated 
in the Uait from the Information contained in the *erts List, the Pro- 
duction breakdown, and the Process Routing Sheet. It outlines in gen- 
sral toims the tools, Jigs, fixtures, and gages which the Tooling Divi- 
sion desi ns and builds for the canufseture of the aorsponent parts. 

The following diagras shows the flow of information to the 
Machine Tool Processing Unit, the material ori-inatei in the Unit, and 
the next destination of that material. 
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The Assembly Processing Unit 1 

The Assembly Processing Unit originates tho escenbly operation 
sheet and issues orders for the tools, JIgc, fixtures, gages and test 
equipment required for the assembly procoss. 

The specialization of the plont’a final product, eviction fire 
ocntrol equipment, requires a greet amount of assembly work. wince the 
knowledge of lnatruuent eese.mbly is highly technical, the Unit must 
proTide s detailed write-up of the assembly of an aviation fire control 
system. 

The Assembly Process flouting "\heet, in torsi similar to Figure 
11, is originated in ths -Assembly Processing Unit. Experience is the 
aost important factor in the writing of this sheet, which Is constructed 
from the information contained in the Parts List, the Prints, and the 
Production Breakdown Iheet. 

The Tool Design and Build order Form, similar to Figure IS, 
is based on Information fren the Parts List, Prints, end Assembly Pro- 
cess flouting Sheet* The Assembly Process flouting Jieot also Includes 
details of the required inspections; the Unit orders ths special test 
equipment for these inspections. In some oases available commercial 
equipment is modified for this purpose, while in others special test 
equipment must bo designed. 

Squlpaent must be assembled in a definite sequence of opera- 
tions; the whop Scheduling Unit is furnished this information in the 
form of s letter, the Letter of Assembly Eit .Sequence, which is s guide 
to the proper sequence of Issuing the Assembly Eit, 

The following diagram shows the flow of the more important 
information Into the Unit, the materiel originated in the Unit, and the 
information departing from it. 
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the Cost Estimating Unit 

The Cost Estimating Unit originates an estimated cost of cash 
project undertaken by the plant, Including the project’s direct labor 
end material costs* 

The component parts to be manufactured in the plant are esti- 
mated frcsi information received from the Material Control Unit end 
other sources* The Cost Estimate fork Sheet, figure 13, is used to co»- 
plle data end compute total costs; thie information is transferred to 
the Co 3 t Estimation end Scheduling Form. 

Probable operations and the time required for each are esti- 
mated by the Unit* The Machine (tool 1 recessing Unit and the Assembly 
Processing Unit assist in the estimation of the operations required for 
the menu fin oture of each component part* This data is entered on the 
Estimate Routing >heet, figure 14. 

The time in man-hours required for each operation, including 
the machine tool set-up time is eat tasted from past experience by the 
Unit. 

Aa an aid to the maintenance of an accurate estimate of labor 
lias required for each operation* the Unit records the actual tine re- 
quired at the completion of the Job. ffith this information available, 
the Unit ia able to keep current the time estimates in relation to the 
actual operation time* The estimated times are recorded on the Cost 
Estimate »>ork -,heet and the Process Routing Hheet* 

The Unit keeps the •iatariel Coot Card* figure 15, for the 
purpose of estimating the project’s materiel cost* Information from 
the purchase orders , which contain the currant cost of materials, i3 
transferred to the Material Cost Jexd which fuminhes an up-to-date 








»-.l «* 6 U l« »A 







•m i<* ,«J 













VhO-aQP-260 



COST ESTIMATE WORK SHEET 
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reaord of aeteriol cost j for the Unit 



The following diogra* shows the flow cf information Into, 
through, sad out of the Cost Estimating Unit, 
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The Shop Scheduling Unit 



The Shop Scheduling Unit assigns to the itochining Division the 
manufacture of the component parts end to the -tseeably Divisions the as- 
sembly of these parts into completed items* The Unit taalnteine a cur- 
rent record of woric load in assn-hours, which forme the basis for the ad- 
dition of new work to the Chop* 

Figure 16 shows the Chop Order Kit, the shop’s authority to 
manufacture a component part on assembly* This fora is compiled from 
information contained in the Process Routing and Production Breakdown 
Sheets and the Internal Schedule Form* The required month date of the 
component part** completion Is given on the Shop Order 'it. The shop 
is thue scheduled for work by months in tarma of nan-hours. The Shop 
Order Kit consists of sight varl-colored IBM cards, each color having i 
speolfic usage. The yellow material identification card ia the master 
card, accompanying the shop order from raw material to completed com- 
ponent part} the green card is the material requisition card, etc. 

The Weekly Machine Load Summary, Figure 17, is issued by the 
Unit. It serves as a means of deterainlsg the relative operating ef- 
ficiency of the various units of the Production Division, azid is the 
basis fer adding new work to the chop and equating pot ostial man-hours 
of labor botwean the Production Divisions. Thin report contains infor- 
mation on the number of man-hours released to and completed by the shop, 
and the present amount of work available for the shop. 

The Unit Issues the Kssonbly Monthly Schedule • hi eh esta- 
blishes the sequence of work to he accomplished by the Assembly Divi- 
sion during a month. 3 Inc* there axe many unpredictable tlse- consuming 
variables in the eeseably of a highly complex instruxst, the Assembly 
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fig, 17 •••kly Jiechin* Lead ~w»ory 



Division is not scheduled for worfc in terms of mnn-houra per "lonth* 

The probable time required is available in a rough eati te, from which 
data the Assembly Monthly Schedule Hats the projects* priorities and 
the required monthly delivery rates of the assembly units* Normally 
the Assembly Monthly Schedule overloads the Asaeably Divisions in terms 
of aen-heurs of asaeably work* 

The Important fhma received ln» originated by, and sent from 
the Unit appear balcm. 
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The Axpoditlng Unit 



The -xpodltlnc Unit Is charted with the responsibility of tse- 
ing that the aaterlols Ibr a shop order ere located physically in the 
pleat prior tc sending the shop orders to tho chop sad that all shop 
schedules are cot* the Xxpoditing Colt Initiates so,- ;;estlone for sub- 
stitute sefcariels, and originates requests for new work to replace the 
"rejects" on Job order** 

In order to prevent confusion in the shop, fhop Crder Kits ere 
not released for oanufbcture until the necessary row ataterials fc-r then 
have been received in the plant* 

After receiving the "hop Order lilt from tho methods Records 
Unit, the Expediting Unit holds ths kit until the --tub hequ 1*1* ion 8e- 
ceipt is received* This receipt 1* issued by the dupply Department 
after the eaterial has been reoalvod. The Unit aaintalns a record of 
all ;bep Order Kits and ths required arterial for each; it also aafcee 
a weekly check of all kits being held up bceauau of a lack of Aatariale. 

A bi-eonthly record of all ouch hsld-up kits la sent to the Head of the 
f reduction Control Division* Th.n Unit expedites the procuring of aater- 
ials through the Supply Department* In scse oases, the Unit originates 
a substitute cater la 1 upon the approval of the fcotheds -action or the 
Xr^ineering Division* la other oaoeo, such a miffcestion for cubati- 
tutes coro a froa the shop or the supply Department; the Unit i» i’eapen- 
alble for having these suggestions approved by the Method* Ceotlcn or 
the -engineering Divio len* 

%hon parts ere rejooted by the Inspection -division end scrapped 
by the ~elvege Division, the lafomatlcn is recorded on the back of tb© 
Master On rd in the hop Crder Sit. /.fter the Expediting Unit receives 
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the Master Card, it originates a "scrap replacement request," 
la sent to the Material Control Unit, after which It le handled In the 
same manner as the original Shop Crier Kit, 

A general work flow diagram of the Expediting Unit is ehora in 
the chart below. 
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The Dispatching Unit 



The DispatcJdng Unit is responsible ft>r the releasing of work 
to the ah op and assembly divisions in accordance with tha aohiyiule. Hi* 
Unit performs "trouble- shooting’ activities to coordinate the materials, 
an oh ins tools , and work for th® Production Division. Th® records chart- 
ing the progress of th® assigned work si® kept by the Unit. The material 
bundling problems of the plant era also a responsibility of th® Dis- 
patching Unit. 

The Chop Order Kit is received from the Expediting Unit , and , 
with tlie exception of the tutorial Requisition Card* the kit is placed 
in the appropriate pocket board. The pocket boards «ro arranged by 
schlning and Assembly Unite by saontbs* The Chop Order Kit is taken 
fron the pocket board by the Head of the Unit, who establishes a the se- 
quence of work in hie unit, based upon the coaplotion date on the Shop 
Order Kit. To start a new job, the operator obtains the Material Re- 
quisition Card fro a the Dispatching Unit, and draws the required mater- 
ial. The Unit assists in the movement of materials from the storeroom 
to the workplace. The Unit transfers the partially oo Hated job to 
tha next scheduled Unit, and the Chop Order Kit to the appropriate poc- 
ket board of the next scheduled Unit. Thus, the location of the Shop 
Order Kit in the pocket board serves as a progress record of the job. 

The high priority Shop Order Kits are designated by a special color 
code, and these jobs are given special expediting attention. 

The Dispatcher*® Kilo Card, Figure 18, is used to record pro- 
gress of the shop orders and tool shortages. The Unit n»koa a daily 
floor check, gathering the data on the operations on the jobs in pro- 
cess. This data is recorded on the Dispatcher’s File Card. 
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Th* Tool 3hortags report, Figure 19, is a report to the Tool 
Division, listing the jobs boirw, held up because of a lack of tools* 
This report is submitted weekly* end its information is derived from 
the data gathered on the daily floor cheeks. 

The flow of indorsation into, th* originated forms, end the 
fores departing fro a tbs Unit ars shown in the diagram below* 
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Tii« Cost Control Unit 



The Coat Control Unit records the oofiasl taest ond expenditure 
of flsads for the various produotive projects, end analyse# estimates 
and expenditures to aid in locating d i acre perns iea. The overhead budget 
for the Iniuatrlal Department is prepared Uy the Coat Control Unit, 

The Job Order Coat Control Record, figure 20, is maintained 
by the Unit, information being transferred to thin record fro* the Stub 
Requisition, Furchaee Orders, lublic Voucher#, and Closed Chop Order 
Tabulations. This reaord Is an accumulative financial sheet giving the 
amount of funds available, the amount expended to date, and the amount 
remaining for the Job, Also shown is the variance between the estimated 
end the actual cost of each Job order, as vail as the accumulated 
variance. 

The Request for ifevision of Job Order .at ins tea is in the form 
of a letter, used to request additional funds for a Job order when it ie 
apparent from the Job Order Cost Control Reaord that the allotted funds 
ere not suffioient. This request is sent through the Iiend of the Pro- 
duction Control Division to the plant's administration. 

Also in the fora of a letter, tke Shop Order Report is sub- 
mitted to the Cost Estimating Unit and the Stachlnlng Division, showing 
the variation between the estimated and actual labor hours of tho chop 
order. This report presente variance data to ba investigated by the 
Coat estimating Unit end the kachining Division, Information contained 
in the hop Order Report Is taken from the Job Order Cost Control Rooord. 

The Request for Station Keintenanco funds for the Industrial 
Department, figure 21, is mede u? by the Unit from information contained 
in the Department Budget Report, the leave Analysis Report, and the Tabu- 
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COMMITMENT COSTS 



JOB OROER COST CONTROL 



FISCAL COSTS 
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F if. El a©que*t for station Metntenano* Fund© 



latico Cyerhaad Labor Saport, This request eensiate of estimates of 
the required overhead funds for the Industrial Dcjnrtaeat* 

TUo folio-! lng diagre* ahowa tha flow of lofor^at-lor* Into the 
Ualt, the material originated therein* and the next dtatinaUca of that 

material* 
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The Production Jtcros Unit 



fho Production Dtoroa Unit composed of the Fid shed Parts 
Jtorcs, ~® mi -finished Parts Stores, and ftew Materiel and Casting Stores 
is charged with tb© responsibility of receiving, storing* end issuing 
ell production mot oriel la pr cease of manufacturing. This material in- 
cludes raw stock:* purchased parts, and manufactured parts, either semi- 
finished or finished* 

Purchased parts or row material coding into the Unit from the 
Supply Department are accompanied by a copy of a -tub Requisition* 
Material or parts menu featured in the plant are accompanied by the Yel- 
low -hop trder Master Card from the Shop Crder Kit, All incoming mater- 
ial or parts are identified as to the project number to which they ap- 
ply, thw pert number, the Stub number of Chop Crder number, depending on 
how received, and the quantity received* The materiel or parts ere 
then stored in the ares allocated for that particular project or as 
dictated by the fora of the material (such as rsw ruiterial in big 
eheeta) » Information is taken from tho Stub Requisition and the Chop 
Crder faster Card to record the location, of the notarial on the Finished 
Tarts Locator Record, Figure 22, and to act ee additional information 
for the croea- reference file. This information is also used to sake the 
appropriate entries on the Commitment and -tore a ’.coord Cards, Figure 23. 
This record sets as the balance of stores ledger usd In s large number 
or business concerns. The cross- reference file e-cken of is maintained 
in order to facilitate the shifting of material or parte from one pro- 
ject to another when applicable* However, such shifting must bo c less red 
by the expediting Unit prior to the shift. The Finished Parts Locator 
Record, mentioned above, le used ee s means of quickly locating any part 
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stored In the Unit* 

The Majority of the issuing of parts end materiel is done on 
authority of the green -Chop Order faster Card snd the transaction is con- 
ducted in the reverse order a* explained for inooainy. parts or aaterlal* 
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Jefleitlon of Production Central 
rrodjcticii Coe tr^l w y be d«'"iarti «a *V.« •► •,<,1 < .i , hy leal 
taehni <uee end piM3e.iuree wsployed to the end th« t t^e rl hi qu-.-tity 
end quality of n product shell be pr> duae et the rJ t time by th* b«*t 
and c. e*peat >■ tn* ds*"^ 

tfriterin for &Vftlui>ti a 

Tfcere Is a wide diversity if cplnlo. t tee literature • pro- 
duction eontrvl as to the functions which should • •• i r eluded In a pro- 
duotioi c^ae.r,l proeeiure# The functions listed b*lo» repreieni some 
of t»< *e «i pearl Hi In most of the texts of the ’I'll-' r *arhy« 

1, rhe preparation «u«l issuance cf production Triers sf»d fora* 
such as work orders* tie® sards* »»»e order'* . terl Is le- 
jue slips* tool Isr-ue slips* etc* 

2* ;uroh.se requisitioning to obtain raw ~*V»ri»la -.A special 
Items b Hf.t outside 
3* reporstl jo of route e.aets 
4* >jnc sc edtillng 
5* il*nt loading 
6* »or dt stalling 

7. voter". Ln sties of the lab>,r requlrcneate 

8. .iutvn»cce of production re cords 

9. xp* ltli - ®f mnoufaclurei end purebred !tsj 
10* ♦lysis -f idle * -shine time 

a ■ ~~ * ■ ■ ■* 

Bethel, la*r-'tee 1*; T««n, ‘alter L.j tweter, *m*v*lln i.j 

*J"hp 1 ,, istl*r, Sostrol * • eCIraw-Ll.il loos jTcrporotad, 

1948, p. 2. 























¥ IMI 

nm «if *a m 






Utm irr ... 









!■ llMMtt I tl 












I l'4« 



Ail-.* u. 



it H I |— j #4B It M« tl 









U. 
















1 

H * 

><• 

1 .« 







• 






ItA 



• - .-A 



l* 




I 









Discussion 



It is understood that not a very production control procedure 
will Include all of these functions, and that aaac procedures may In- 
clude others not listed here. for the purpose of this evnluatioa, an 
analysis of the production control procedure at has been conducted 

to determine how the function* listed above arc eccoaplishod; whether 
or not improved means of accosiplishlr.^ the functions can bo raecoatendad; 
and If the functions aro not acaemplishad, whether or not It is deemed 
odvlaebl e to par fora the function*. 

The reparation and Issuance of J reduction orders end ror-ma . The func- 
tion of preparing and Issuing production order* ana fne is shared by 
most If nut all of the units of the Production Control M vis ion at the 
plant. The several units prepare and issue ths orders -nd fora* that 
are applicable to tft^lr prioary functions. ft* unite #rd the fonae 
they originate and Issue era very briefly described below: 

1. Kate rial Control Unit originates end ieeaes t ho followings 
• The tub fteqalnitlcn, used to requisition raw Rett rials 
and purchased part* 

B. The firm le quire Rent and Obligation of ’Ifttorlsl fora, 
used at a means of screening the • upply syrtere for parts 
needed on a pro J act 

C. The Production Breakdown establishing: the quantity 

of & component pert to be manufactured 

£. f reject cbedullng Unit originates srsd iesunt the following: 

The Internal Jchedule, establishing the completion, date 
of each project 

B. The forecast of Iroductive Labor, establishing the over-all 
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production schedule of the plant 

C. Tfce Ken Load end i'srfc-raonce Chert, an efficiency standard 
for the stop, shoeing the amount of worK completed by the 
stop r, gainst the e mount of worn re leased to the shop 

D* The Monthly Man Load Duffifanxy, a re port including the utili- 
zation cf awn-hours for the past month, recosssended lnt«r- 
diTialonal transfers of personnel, and etatus of currant 
projects 

3. The -'top Scheduling; Unit originates esd issues the folluwisg: 

A. fha - hop Crdar lit, the authority upon which the shop 
starts, processes, and completes a job 

B, fhe -caJcly Machine toed Report, indicating the amount of 
Wvrl released to, completed by, end currently available to 
the shop 

G. The Aereably Monthly Schedule, e monthly schedule indicat- 
ing priority on projects to be aesembled 

4. The Dispatch leg Unit originates and Issues the following: 

A, The Dispatcher*# File Card, used to rsc. rd tool shortages 
end the progress of the shop orders 

B. The i’ool Shortage Report, used to indicate whet jobs aro be 
ing held up because of the lick of tools 

5. The expediting Unit originates end issues the folio la,:.: 

A. foe .-crap Heploceoent Bequest, used to originate the sort 
necessary to repleee parts that hrve been rejected or 
scrapped 

The function of preparing and issuing production rdere sad 
forms is accomplished at the plant In such c manner as to e id end facili 
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tate th* service rendered the production divisions. The present dletrl- 
butloii of the responsibility for preparing sad issuing tho orders ard 
foras Is the result of various chenges In the system through continuous 
investigations seeking improvement. 

Furchaee .equlclfclonlr.>; . The function of origin* tin* sad issuing pur- 
chase requisitions to obtain raw materials end pureh**ed Items Is accom- 
plished by the Material Contr t 'l Unit In the fora of a tub Requisition* 
The Unit receives the fart a List, the Jrrlats, and the Co„t i.stisu.ting 
and Dch.’dullng i'oreu From this laf*. rmatiea, the Unit Issues the Produc- 
tion Breakdown Ja*et which establishes th* quantity of the various com- 
ponent parts, ^ls eetabliehed quantity includes the unit’s estimation 
for scrap and losses. Using the Production 3r*sici *n host ns> a guide, 
the Unit investigates the apply catalogues to ascertain whether the re- 
quired material is listed as a stock Item. If the required material ap- 
pears in tha catslcme, the items arc listed on the "jra .Requirement 
and Obligation of ieterlal fern, originated by th Uolt and sent to the 
Supply Department. The «uppl7 Dcpartaent processes these items to de- 
termine the avsilebll ity, lccsticr, cost, and eatlj*»tel delivery date 
of the materials. This Information Is recorded oa the Firm Requirement 
end Obligation of Materiel Tor& which la then returned to the Materiel 
Control Unit. 

Upon receipt of this tvxti aoi if the "apply Department has 
indicated that It 1* able to furnish the required materials by the dote 
desired, the Unit requisitions th* materials fr^rn t'.e apply Department 
by Dtub leqnl sitlon. If the supply Department ie l^bl a to furnlah the 
required materiel* from the available sup. lice, th* Ur.Lt icsucs a Jtub 
Requisition author! ring th* purchase of the required materials from e 
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civil lan ec&cern. This -'tub <-er t ulsitlon la also sent to tbo r.oly Se~ 
parent, the pr oeerement egancy for all mterial*. 

It so 90s inevitable that sovernaant supervision brings with 
it a tise-conssjT.ing coreplez spates of materiel prccui- aenb# The very 
nature of federal direction of a plant necessitates ear* ' - J tape* 
than private industry encounters* The system of aatari kl procure- nt 
at KOFI, however, reduces the complexities of government & tioa to 
a ainlaua, and accomplishes the job in the shortest <x cible tine with 
• naxiisusi of personnel economy* The fact that J’GPI employe ^ well 
versed in the Intricacies of government reflations contributes a great 
deal to the efficient functioning of purchase requisition! ► «t the plant* 
The Preparation of ^outt: nbaata. The preparation of the route sheet is 
accomplished by the '’hop Scheduling Unit by the Issuing of t • hop Or- 
der Kit* The Unit receives the Process Routing Sheet and t -> reduction 
Breakdown fheet, end nainteias a load chart in terse of •<-.« »r*s for 
each Machining Unit* The routing of a component pert is eat blishad by 
the Unit front information contained in the Process Routing hoot , which 
indicates the type of machine that la to perform the operation, end in 
the load chart giving the load of the Machining Units* Thus, the rout- 
ing is performed in terms of Machining; Units, whose designatier numbers 
are placed on the hop Order Kit corresponding to the listed oprraticn 
■Bribers* 

The designation of the spec if lo operator and nochia® iter each 
operation is accomplished by the Head of a Machining Unit. 

The above procedure for the preparation of the route sheet 
fulfills the needs of the shop at KCPX* The routing is baaed vsfv* the 
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maa-haur method of loading the chop. This basis is used because the 
available msn-hours of labor i* the Halting factor in the plant's pro- 
ductive capacity. The wide dissimilarity of the Fi «t*s products mkee 
it necessary for the heed of a machining unit wo determine individually 
the specific operator end machine that should perf or a certain, Job. 

In many ensue, the required machining tclen re of a Job i • such the t 
only a specific operator using a specif la jaaoMne C'n accomplish the 
work. The heed cf o machining unit, fro* p«et et ; rl— ce, is ablo to 
assign such operators end raochinee for a specific Jjb for better than 
could the * reduction Control Division were sue- e detailed routing pro- 
cedure attempted. 

from the point of view of the needs cf t!*e 'imp end mini bub 
overhead expense In accomplishing Che preparation cf the route sheets, 
the procedure used et R >1 is excellent. 

<ork ahedulin : ;,. The responsibility of achedulln-: m c i* shared by 
esveral units la the plant. The Toreoeat of ircuctlv* Labor is 

orlgln-ited by the Frojeet ‘lohedulln * Unit, establl*' in., the over-all 
production schedule or the plant fox* approxi tely ei*-teen months in 
the futux*e. > new project is coordinated into t< is over-all schedule 
by the Unit *ith e proposed delivery date deterilned. Usinc this de- 
livery date as a . oel, the Unit then makes up an Inters 3 chedule on 
the project. This is peeved on to the -hep scheduling Unit to serve 
as the basic schedule for the various component pert*. The -'-hop Sche- 
duling Unit det< lues the completion data reqrired for each component 
part aocordin to the requirements cf aub-*S'?ea;bly schedules, aacbinlng 
time required on sut-auseablies prior to final as' 0 £bly, etc. This ad- 
justed completion date is placed on each ’hop trder tit (one for ©ach 
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component pert)* ><hen the *h«.p ^rder vita ar** received by the Jlcpo tell- 
ing Unit, they ere pieced in the pocket board pertaining to the tooehiniag 
Unit indicated on the Hit as that Unit by which the pert is first rea- 
ch ined. The U«id of each - schilling Unit takes the cords from. the appro- 
priate pocket boerd and, after considering ths completion deters indi- 
cated on the Chop Order Hite, he establishes the sequence in which the 
Jcba will be processed. 

The critical ffeoters of e ceiling on p reowiel and th® neces- 
sity for loading the pltnt by etsn-bo ura make thi» the beat type of sche- 
duling for the pl«r>t'a needs. The actual "when” in terms of e certain 
day or hour on which e pert la to be started has t. be determined by 
soi>«cne (in this case, the bend of the tUehiaine .It) who is in direct 
contest with nd has charge of the men in the achinin Units. 

The system of scheduling is practiced at the' plant le basically 
a Lai la r to the accepted practice in -.oat co ere 1*1 concerns. It is 
felt that the echedullng has to be done in this ■* rnner to e v ordinate 
adequ«tely into the orer-all plant schedule all the y dlsslsallr pro- 
jects thet ere allocated to the plant for production* 

Plant Lending * The function of plant loadin ' is accomplished by the 
Iroject chedull' Unit and the hop Scheduling Cult, The plant is 
loaded in tents of vn-hours of labor per month* The Iroject Jchedul- 
1 b£ Unit i -sues the 'oreesst of rroduotlve Labor, e chart dirpiaylng the 
over-ell pl*nt ; 'reduction forecast in terns of renn-hntra, projected 
eighteen months ahead* Various new projects nr e added to the plant* s 
load schedule b»«ed upon the required delivery dates of the Bureau of 
Lrdaance* Fr ora, this load schedule, for each sew project, the Project 
Scheduling Unit processes s Cost Estimation ani chedul ing iota which 
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ebowa the expected Monthly delivery rates of the project. Based on 
these delivery rates, the Unit issues the Internal chedulo which show* 
the completion, d tea of the various eub-essemblles. 

The v.»o p u-ehedoliag Unit main tains a lon-i ehert in man-hours 
by Machining Units, from the information contained in the Internal 
"Schedule, the *^fcop Scheduling Unit loads the *ec' lnlu- Units to capacity* 

To record the completion of work for the purposes of equat- 
ing the above loadin procedure, the oompl ted b^p Lrder ite ere re- 
turned to the iv-p 'cheduling Unit which In turn r*--* vee the completed 
work from the load chart. The Unit lesuea the «ee*ly Machine Load *e- 
port w v ich contains th« number of man-hours acmt.1- ted by and the present 
amount of work evallable for each Machining Unit, 'his report is re- 
ceived by the Project ^oheduling Unit which makee the proper adjustments 
to the intern'* 1 rhedule, the dost Estimation and chedullng Form, and 
the -orecast of • reductive Labor. 

•Inc# tte funetlon of pleat loading lc closely lr.te rated with 
the functions of preparation of rente sheets end wor'. echeduling, the 
procedure f pi nt loading «t NoPI is performed by the soee personnel , 
fhe syst«*a per" its greet flexibility, e factor necessary in en organisa- 
tion producin' shipment subjeot to continuous change. 

?ork Dispatching 

The faactlcn of work dispatching is done by the Dispatching Unit of the 
Production Control '1 vision, The Uhop trder Kit, the authority for all 
work dona In the " op, is received by the /lepatchlr * Unit fr«n the £x- 
peditlng Unit. The kit has a notation on the master card indicating the 
month of ooapletion. The Jlcpotohlng Unit takes all the cards in the 
kit and perforates t*e indicated month of completion on the small 
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calender aorcos cne end of the card. The tit r.ow indicates to anyone 
who handles any oi* the card* Just when the part i* due fer completion. 
The Dispatching Grib contains several pocket boards* arranged by Ma- 
ch is log Gaits and months. The Sclt, minus the -.teri.i iequisiticn Gard, 
is placed in the appropriate pocket boerd of the ► achieving Unit sche- 
duled for the first operation. The hop trier . ito are taker, from the 
poci-r.t board by the bead of the Machining Unit, wl •rror-g-a the se- 
quence of the liop trdor Kite, and Issues th to t>e operators. The 
operator first goes to the Ulupatchlng Unit to bt-in bn© material 4 e- 
qaieltioa Gard In order that h* any procure tii* neo«-»erj a*terial«. 

This gives the ni*p. tc. lag Unit the cotame ace.-* on t <*ta on the hop order 
Kit which is recorded on the -iepataher’a File vet® • 

Tha top trier Kit ccnelsta of various eclo'-ed I'M cards. »e 
has bees indie -ted above, among thee® cards is tie cne for materiel re- 
quisitioning. *lso included In the kit i- the tool requisition eard 
(the brown c-.rd}. Three very necessary functions of M patching kuve 
thu3 far been ecc .plished, erd they are the release f the serfc order, 
the ‘•s -ri'1, cn 4 the bool requisitions. 

-rh'-r- t'se operations scheduled for a machining TT nit are com- 
pleted, the work piece end the hep trder Kit ore returned t tie Di s- 
patahlr.i Grib. Put whop trder Sit is placed in the pocket bo*rd of the 
next osheiuled Juch icing Unit, end the work piece ia stored in the vi- 
cinity of ti*» ir taking Grib. Thle procedure ie rope- ted until the 
job ia co**»l*t«o, *. which time the whop Order -hit I® clewed out -nd 
the yellow * eter Ctrl return ad to the cop chedul lag Unit, 

•»Hprc*lmai)ely ei.chty-five percent of t*i *(*rg on one component 
port is a swap lift' -d bj cne -achining Unit; t Jew* only about fifteen pas’- 
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cent of the work *ust pass through the Dispatching Crib « second tla®. 
In order to pi'evcat the lo.a of tiae, additional notarial handling, end 
traffic Jaffia la the Dispatching Crib area for this fifteen percent of 
the work, it is recommended that the materiel h •ruler* be instructed 
to transient the work pieces and 'Stop Urder Cits directly to th® next 
scheduled Machining Unit, Informing the Dlspatchln Crib of the move* 
The status of the various jobs is indicated by the location 
of the .-hop trder .It la the various pocket boards, nd the Information 
recorded on the Dispatcher’ a Kile Card* As nenticned above, during the 
process of performing the sequence of operations re uired on e compo- 
nent part by eeoh successive aiaohinlng Unit, the hup urder Kit is pro- 
gressing to end fro* the pocket board corresponding to the sane Machin- 
ing Units, fhls location of the hop trder Kit is the various pocket 
boards serves as a rou< progress report. The Unit mokes s daily floor 
cheok of the shop, recording the progress of each job. This infcraw- 
tlon Is transferred to tho Dispatcher’s file Card, Thus, the Unit 
•alntair.s a current record of the progress of each job. 

fhe functions of dispatching an practiced t the plant accoa- 
pllshes the service requirements of the shop. Altho irh this system, es 
do most Involving were dispatching, requires such attention to detail 
and great cere In recording procedure. It assur e ease and socumcy in 
esaert-tnlng the nrofress of Jobs, ^fcher than the suggestion above for 
the possible elliinwticn of lost tiee end traffic Jana in the Dispatch- 
ing Crib area, the author rates the KCII system of work dispatching as 
adequate and well aulted to the needs of the plant. 

Determination of the U«bor Hequlrenenta . The function of determining 
the labor requirement* of the plant Is accomplished by the > reject 
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chedullng Unit, ITte Uni t reocmends both inter-dlvisierel employ- 
ee transfers and adjuetcsnts In the labor force, i.e. the hiring and 
firing cf eeployoca. These recommendations arc prepared in the fora 
of e letter, the onthly Mao load juaaary, which is submitted through 
the head of the Production Control Division to hi her authority for 
action. 

The information from the above letter le tatrea from the fore- 
cast of iroduotive Labor chart. By comparing the available man-hours 
of labor with the requirements e» indicated by the chart, th* Unit ie 
able to oh ice an accurate estimate of the labor needs of the plant. 

Ulnce the employees In the Kaehinlng and Assembly Jlvlsiona are skilled 
craftsmen, end in many cases, ere capable of working in the several Unit 
of the Machining end saeably Divisions, the Project ofcsdulicg Unit 
recos>eads the tra safer of personnel between these two divisions to 
equalize the estimated work load. hen the work load can not be car- 
ried by the current staff, the Unit recommends the additions to the 
staff. 

Ihe current trend to include the handling of labor require- 
ments among the functions of the production control division is re- 
flected In the procedure at roll. Until recently, this has been the 
responsibility of tfee pereonnel division in soot plants, or of tl’e 
foreman, whose ability to foresee future changed c adi lions Is nece- 
ssarily limited. The personnel division la aided by the production 
control division in Its Job of ascertaining the type of labor to be 
hired to handle lncr<-eed production. This system s ema to meet 
adequately the seeds ->f t^e plant. 

A possible improvement in the exist in system might be the 
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inclusion f a ea Load Chert of labor clsssific tionu *o facilitate 
the assigning of the right nan to the right job. The basis for this 
selection is now Plan -hours; o man is selected for a job without ref- 
erence to his labor grade. If the decree of hlr skill were taken Into 
consideration, it sight insure e more exact mstchl of the man and 
the Job. 

.ith the exception of this possible refinement , the author 
feels that the labor requirements of Hull ere handled well with a 
maximum of efficiency. 

* a lntcner.ce of re duction Records . 2ie fund ion of the - In t ensue e 
of production records Is accomplished by the t reject ehedaling Unit 
and the hop chedullng Unit, The eekly ae^ine ho*l ■■e -ort, issued by 
tie jfeop o edulic ' T nit, oontsins the nu :ber of ^n-hours of work 
completed by the shop* This report is received bi t h» 3 ro joct cued- 
uling Unit and uead to construct the Unit’s Ioai end • erfor^ence 
chart. This chart consists of two portions, the rerf*rt'>ace portion 
only being diocu. sed here. The perform* na« eaart presents four 
curves: the p«rf >rusnce potential In man-hours per week; the monthly 
average cf the performance potential; the work completed in man-hours 
•er weak; the monthly average of the work completed. The performance 
fotcntlal curves are baaed upon the estimation of th- dost istlasting 
Unit. The work completed curves sre recorded times required by the 
shop to complete V « hop Order its. The two weekly curves show a 
certain amount of fluctuation, the 'onthly averages ere used to dis- 
play the trend, nj serve as en efficiency standard for the shop. 

•hen the mont’.ly av-re*' of the work completed cui*v« Tops bales* the 
eighty-five percent value of the monthly avsrsw'e of the performance 
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potential curve, the situation la investigated t,> .©ada of the 
. ru'luetion Contr:>i Jivialen and the ..ecbining • ivisioB, 

>11’ a ajsten of maintaining prouac tion r«e rde atafc-c shop 
perfornanae readily apparent. Its weakly eh©a~ 1* sufficient frequency 
end tlerou fcnes* to esaura an accurate ace-unt of work fro* res*. ere 
reports -- da in more detail or required more often , a *up rfluity of 
records would exist* ardi an unnecoeacry etr- in lae«‘. cn personnel 
effort in handlin' then. The system of eeintxinin rodeo t ion records 
as employed no <5 ubt side considerably tro *x oth on efficient 
operation of the plant. 

■ sped! ting of a»u - af»otursd and iurchesed Items. The faction of ex- 
peditin'. manufeetured and purchased items Is accomplished by the 
xp*dilin>, Unit. T* prevent s .‘hop Crdcr it f r - reac-il^ th® shop 
prior to the ti as the required materials are ore liabl e, the ispsd- 
itlnf Unit ascertains that tot materials era phyelaclly located in 
ths plant before releasing the hop Order Hit to the shop, fbue, the 
Unit receives t'-a hoe 'rder it from the -at hoi* leoordc Unit, and 
the Ub isquialtlen -ecelpt froti the Ripply .apart sot. This latter 
t tor* denotes tie arrival of the requirod material et the plant, The 
Unit makes a wee&ly check of all kits being held up because of a 
l«ek of 'leteriel*. ->.3 mokes a M-.uonthly report of aueh beld-up 
kits t r ti.* head r >( th- Production Control iviaion. 

vl important feature of tho expeditln function at the plant 
la t'le manner i *hloh the Unit handles the substitute materials, 
fh -re are two general type® of substitution of materials* one is e 
ch^neo la the ty^e cbacical conpositloa of the original material, 
and th# other is o substitution of the ee«e materiel allotted to dif- 
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ferent projects. The to rm? substitution of material re Hires the ap- 
proval of the Methods ' action or the Engineering tepartaant. The Ex- 
pediting Unit follows through on this type of change by securing the ap- 
proval for the substitution from the proper group. To aoocn.ilish the 
second type of substitution of material, that of uai t -oe Tutorial 
which has been allotted to a different project, the ’ixpoditing Unit 
maintains a record of all hop Order Kits and the required materials 
for each. If two hop Order Kits use the same materials, sad the avail- 
able -* tar Ial has bees allotted to one 'Shop Order Kit whose use Is be- 
ing delayed peadin the arrival of other component parts, V Expediting 
Unit -uthorizes the necessary change in the allotment of V- - ter ial 
to permit the manufacture of at least one part. 

Since the ability to adapt to continuous changes Is >! song the 
primary requisites of a plant suoh as KCP1, the flexibility of the 
plant's existing expediting system lends itself well t tie v.', ,t * s 
needs. A more rigid system would hamper the smooth and efficient flow 
of the manufactured and purchased items into the mainstream of work. 

In addition, the "red tape', which MAPI's flexibility of r»st«w has suc- 
cessfully reduced to a •..lni'iu-i, would cause a tie-up in the work flow; 
poeilbly necessitate an increased number of employees to hnndle "snarl- 
ing" j and, consequently, add to the plant's personnel expense. In- 
creased expenditure is one of the things most diligently avoided at 
tfOPI; efficient end speedy delivery of the product is one of the plant's 
chief goals. ince the expediting system at the plant prevents the for- 
mer and effects the latter, it is the appraisal of this ant: or that 
Ron's present system is excellent. 
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•n*ly 1 o of Idle acfrlne Time , The f ur.c t 1c n of analy^in*' idle -‘ Chins tin- 
Is not accomplished at the plant, -hen t* « pleat as converted to *av? 
operation in 1915, the basic plana were to design flexibility Into tie 
productive capacity of the plant, /or this purpose, three /techlnes per 
employ-e wore installed in the shops. Cue to the ever increasin- de- 
mands upon the rlenfc, the present ratio has dropped to two chines 
per employee. Tbo plant, however, continues to posae-s an exce s of 
wtehln© tool* in relation to the employees. Thus, «n analysis cf Idle 
v.chine tl*e would prove cf no use to the plant. 
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This invest l&atlon has resulted la the acneluoien th t tho 
praiusti c con.rol proeeiure practiced at ths Kavai Ordnance *ltrt, 
Indian 'j'OliSt Indians, ©‘ bodies and employe ell of the currant basic 
production control principles required to meet the p rtleul *r treda 
of fiuoh a pl*nt. The procedure ia flexible ©a- u to sssittil- t© sad 
directed by ladivl dials capable of seeing the need cr the incorporation 
of current trend© where vplicable; that ie, eic. f-la »»ac. -i-iro of 
the responsibility fe tte Frciuetioa Contr 1 -'•Ivl#! for the deter-sln*- 
tlon vf tee labor re :ii reflects* Tbs ability of f • »l»nt to afijpt Its 
Bsnuf*sturinj, proce*©*© to »•' many disal 41-r iv -• of ^reduction is 
the outotaadln. •• if station of the efficiency of preset-t produc- 
tion control proe© -re* 

fhe iu reilir-atia® of the pro doc lion ©•?■■ ff- l yr»e»4ore at 
‘ 01 1 hue the possible desirability for the fclloeis • Isor reocaeeacied 

Chftt r^S J 

1. To prev- t loas of tins, unneceoeary sms t* rial b*ilic<, end 
heavy traffic in the vicinity cf the »iepetchl ■ drib .-.res, 
it is ■ dsd that the ■wtarlel handlers be Instructed 

to fcreari« rt whs woric pieces and *hop Oruer Its directly to 
the next scheduled iCa chi Ring Unit instead f h- vin these 
lterta c. t- the Dispatching Crib «t t> « expiation of 

each r chitlin ' Unit's work an that part. 

S. It i» ree*ue»'rde2 that further study be e< octed sonoerning 
the desirability cf a Ken Load Ch rt of 1 but* -classifications 
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to faoilit*te tfoe foreoaetin. of labor require, ants by tha 
rrojact obaduliag Unit find would consist of a >jore detailed 
breakdown of tba column* of the *«ekly sshina Load «l«port. 
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